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capable of altering this state, thus controlling the many-body electronic symmetry. These spindriven giant electronic responses go well beyond Zeeman physics and point to the realization of an underlying correlated magnetic topological phase. The tunability of this kagome magnet reveals a strong interplay between an externally applied field, electronic excitations and nematicity, providing new ways of controlling spin-orbit properties and exploring emergent phenomena in topological or quantum materials [10] [11] [12] .
Understanding and manipulating correlated quantum materials are prerequisites for finding and exploring their potential for applications [10] [11] [12] and quantum materials that exhibit a giant response in the presence of an external field are particularly promising [10] [11] [12] . Kagome antiferromagnets are central in the search for exotic quantum states because both the spin and the charge are frustrated geometrically, enabling the formation of spin-liquid phases and topological electronic structures [1] [2] [3] [4] [5] [6] [7] [8] [9] . However, the realization of such states in real materials has been limited. Kagome ferromagnets are also of great interest because their unusual physics can be probed in transport, such as in transition-metal stannides [13] [14] [15] [16] [17] [18] . Transport measurements in this family have demonstrated large anomalous Hall effects that can arise from nontrivial electronic topology with non-vanishing Berry curvatures [13] [14] [15] [16] [17] [18] . The Berry phase of the antiferromagnet Mn3Sn is associated with a non-collinear spin texture and the existence of topological fermions in its band structure [15] [16] [17] . For the soft ferromagnet Fe3Sn2, it is speculated that the Berry phase is associated with a massive Dirac band near the corner of the Brillouin zone, which hosts a two-dimensional gap 18 . Accordingly, this family serves as a fertile platform for exploring the interplay between magnetism and quantum electronic structure in kagome lattices. Here we study the atomically resolved electronic structure of Fe3Sn2 at 4.2 K (Curie temperature, TCurie = 670 K) by using a combination of time-reversal-breaking vector magnetic-field microscopy and high-resolution scanning tunnelling microscopy/spectroscopy (STM/S). Although many previous works focused on the unusual transport properties of Fe3Sn2, we observe an unexpected giant anisotropic vector-field response of the electronic states of the kagome lattice, which opens up the opportunity to demonstrate controlled quantum-level manipulation of an exotic topological phase. The methodology described here offers a new way of discovering magnetic topological phases in a strongly correlated setting, which can be used for the discovery of other correlated topological materials. (Fig. 1a) . Due to their weak bonding, the sample tends to cleave with either a FeSn or Sn terminated surface. These two surfaces are experimentally identified via comparisons of their respective step edge heights in the crystal structure (Fig. 1b) . Mapping the differential conductance of these two surfaces also reveals differences in the electronic structure (Fig. 1c) . A detailed inspection of Fig. 1d confirms the honeycomb lattice structure of the Sn surface, while the FeSn surface exhibits smaller corrugation, hindering direct atomic identification. By analysing the line-cuts taken across the step edge of the Sn surface (Fig. 1e) , we assign the positions of the Sn atom, corresponding to the centre of the Sn honeycomb unit, and the Fe atoms in the FeSn surface (Fig. 1d) .
Having identified the two surfaces, we study the quasiparticle excitations under the perturbation of an external magnetic field. At zero field, the low energy differential conductance spectra on both surfaces show strong states around the Fermi energy with the spectrum on the FeSn surface exhibiting an additional state at -8mV. Increasing the c-axis field causes a pronounced shift of the side peak towards negative energies, while there is no discernible shift of the states near the Fermi energy. From the magnetic response and surface dependence, it is likely that the side peak arises from the magnetic Fe orbital in the kagome lattice. We find that its magnetic field response extends beyond Zeeman effect in several aspects. The shift of the side peak saturates around 1T, with a total energy-shift of 12meV (Fig. 2a) . We observe an identical shift when the 1T field is reversed. More importantly, the saturation behaviour agrees well with the magnetization curve (Fig. 2c) , denoting a magnetization driven shift. If the energy-shift is attributed to the Zeeman effect, it would amount to an anomalously large value for the g factor, not known in the previous literature (Fig. 2b ).
To explore its magnetization response in three dimensions, we rotate the external field in the ab plane. We find that this state from the FeSn surface also saturates before 1T when the field is applied in-plane, and that the saturated shift with 1T field evolves with the azimuth angle θ (Fig. 2d) . In contrast to the six-fold crystal symmetry, the evolution has a two-fold symmetry, which can be described by the function: 3.2-3.2cos2θ meV (Fig. 2e) . Notably, there is no shift when the field is applied along the a-axis (θ = 0). As the net magnetization is known to lie in plane at low temperatures in zero field 19, 20 , such nodal behaviour can be understood by considering the spontaneous magnetization to be along the a-axis, which already saturates the energy-shift. The anisotropic evolution we observe in our STM data also qualitatively agrees with the bulk transport anisotropy in response to a vector field (Extended Data Fig. 2 ), consistently demonstrating the existence of electronic nematicity in Fe3Sn2, previously observed in correlated materials [21] [22] [23] [24] .
To further study the symmetry of the electronic state realised in this material, we map the differential conductance of the FeSn surface over a large area under various vector field conditions. Taking their Fourier transforms, we obtain the quasiparticle interference (QPI) data for the electron scattering involving the band structure. The QPI data taken at the energy of this side peak state are shown in Fig.  3 . The zero-field QPI data in Fig. 3a exhibits ring-like signals at the larger wave vectors (q2) and a two-fold pattern around the zone centre (q1). This spontaneously broken symmetry state also aligns with the sample a-axis, in agreement with the aforementioned nematicity, consistent with our transport data. Remarkably, we find that the c-axis magnetization removes the electronic nematicity and restores the rotational symmetry (Fig. 3b) . While the a-axis magnetization retains the same nematic pattern at q1 (Fig. 3c) , this pattern is systematically rotated by the rotation of in-plane magnetization. When the external field is withdrawn, the nematicity recovers to that in Fig. 3a regardless of magnetization history that we checked. This suggests that there exists an intrinsic nematic order pinning the spontaneous magnetization to be along the a-axis. In contrast, the QPI around q2 remains approximately isotropic regardless of field, indicating that the shifting of the electronic state is most likely associated with the states spanning the momentum transfer q1.
Such an association is further supported by the field dependent QPI dispersion plotted in Fig. 3d and e. The QPI dispersions in Fig. 3d shows a clear hole-like band (q2) with no discernible field dependence, corresponding to the ring like signal seen in the QPI images in Fig. 3a-c . On the other hand, at small q, an examination of the dispersion reveals a maximum in the QPI intensity at approximately the energy of the side peak for both the zero-field (E = -10 ± 2mV) and B=1T (E = -20 ± 2mV) case. This QPI intensity extends to larger q with increasing energy, suggesting an electronlike band with a band bottom at this low q maximum energy peak (q1). Moreover, when the energy window of the dispersion is extended to even lower energies (Fig. 3e) , a second hole-like band appears at B = 1T, with these two upper and lower branches forming a non-monotonically dispersing feature which resembles the hourglass shape. The non-monotonic shape of the observed signal, despite their broadness, indicates that the scattering is sensitive to the details of the underlying dispersion in the band structure. It is consistent with a massive Dirac-like dispersion, under the assumption that the scattering is intra-band in nature and corresponds to the Dirac feature expected around this corresponding energy in the photoemission measurement 18 . These two dispersive branches are farther apart from the centre of the hourglass feature as one tunes the magnetic field to zero. Recent identification of band structure resembling massive Dirac fermions in this material based on photoemission suggests a gap size of about 30 mV, consistent with our data at B = 0T in Fig. 3e , despite what appears to be a shift in the chemical potential, possibly due to surface termination effects or doping differences in the samples. It is well known that photoemission measurements lack the ability to probe the field dependence of this gap (mass of the Dirac band) or determine whether the Dirac fermions originate from the FeSn kagome lattice or Sn honeycomb lattice which is critically important to correctly model or theoretically understand the novel state realized in this material.
A summary of our experimental findings is shown in Fig. 4 . Our results establish a vector magnetization based energy-shift of the quantum electronic states with intriguing symmetry-breaking correspondence ( Fig. 4a and b) . These states form an electron band crossing the Fermi level (Fig. 4c) . Without the external field, the spontaneous magnetization is along the a-axis; the band bottom (identified with the side peak in the tunnelling conductance in Fig. 2a ) exhibits a QPI with a two-fold symmetry. While the symmetry of the QPI rotates with the magnetization indicating strong spin-orbit coupling (SOC) that intertwines the orbital space with magnetic space, it is unexpected that the energy of the band bottom modulates significantly with the angle of rotation. The observed in-plane magnetization induced energy-shift also has a two-fold symmetry with its nodal line along the a-axis (Fig. 4a) , indicative of an intrinsic nematic order that pins the spontaneous magnetization direction and leads to this energy difference. Rotating the magnetization to the c-axis causes the largest energyshift (Fig. 4a) . These giant electronic responses driven by the magnetization direction goes well beyond Zeeman physics, and points to a spin-orbit entangled, correlated magnetic topological phase, which we discuss below.
In fact, previous STM work on other systems has shown that due to the presence of SOC, the electronic structure of magnetic thin films with domain walls 25 and skyrmions 26 can have dependence on the spin orientation. As electronic structures on the kagome lattice possess linear band crossing Dirac points at the Brillouin zone corners, it is natural for us to consider a picture of Dirac fermions in the presence of SOC in the study of kagome lattice (quantum) anomalous Hall materials 8, 13, 14 . The observed energy-shift should thus result from the interplay of the Dirac mass/gap (Fig.4c) and magnetism. The large ferromagnetic moment splits the Dirac crossing into two sets well separated in energy with spins polarized in the direction of magnetization. In Ref. 18 , the magnetization is assumed to be along the c-axis, and a Kane-Mele type 27 SOC that preserves the spin SZ component is considered that produces a Dirac mass/gap. However, the spontaneous magnetization in Fe3Sn2 lies in the plane at low temperatures such that the SZ SOC cannot gap out the Dirac crossing in the kagome lattice 28 . This contradicts our observation of the largest mass gap (smallest energy-shift) for a-axis magnetization sketched in Figs. 4a and 4c . Thus, the physics governing the interplay between SOC and magnetism here lies beyond the Kane-Mele scenario. One possibility is that all SOC interactions respecting the full crystal symmetry need to be constructed with both SZ and in-plane SX,Y conserving terms, where our results indicate that the latter should have a larger effect. Alternatively, an additional source for the Dirac mass/gap may exist and interfere with the one due to a dominant Kane-Mele SOC. Since Fe3Sn2 displays a large anomalous Hall effect with skyrmion excitations 20 , it is possible that the latter has contribution from the spin Berry phase 3 associated with chiral spin textures 19 . The spin chirality produces a gauge flux, according to the theory 3 , opens a Dirac gap independent of the magnetization direction. As the magnetization is rotated to the c-axis, the orbital flux induced by the Kane-Mele SOC can be out of phase and compete with the gauge flux, leading to the reduction of the Dirac mass/gap (Extended Data Fig. 11 ), consistent with our interpretation of the data.
Our experiment furthermore reveals an intriguing nematic order in this kagome magnet. In addition to the magnetization controlled charge nematicity due to SOC effects, there exists an intrinsic nematic order originating from the charge channel, as evidenced by the anisotropic energy-shift and transport response to the vector magnetization, and the pinning of the spontaneous magnetization direction irrespective of vector magnetization history. Interestingly, the well-known intra-unit-cell (q=0) charge ordered state on the kagome lattice driven by intersite Coulomb interactions is a nematic state as demonstrated in theory 29, 30 .
In summary, our experiment uncovers a vector field based energy-shift to broken-symmetry correspondence in Fe3Sn2, which demonstrates unusually large and anisotropic magnetic tunability in a spin-orbit kagome magnet and points to an underlying correlated magnetic topological ground state. The novelty in the current work regards the spin-orbit tunability and the gigantic response of the kagome material, and such an effect is not implied by, nor can it be derived from, the previously known transport or photoemission results. The gigantic spin-orbit response we discovered in this strongly correlated material is rather unexpected and not implied by results reported in 14, 18 . Our findings collectively show the rich and unconventional physics of kagome magnets, encompassing the entangled magnetic, charge, and orbital degree of freedom, as well as symmetry breaking and topological properties of the electronic states involving low-energy fermions. A complete understanding would require a comprehensive quantum many-body theory of electrons on the kagome lattice in the presence of strong spin-orbit coupling. Our space-momentum exploration of the electronic excitations by way of controlled vector field manipulation presents itself as a new and powerful tool for probing the physics of topological matter beyond weakly interacting Z2 topological insulators 27 . 
